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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a method for 
forming very thin and uniform oxide film with high quality 
and good controllability for film thickness on a 
semiconductor surface with less leak current density. 
SOLUTION: The surface of a semiconductor substrate 
such as silicon is cleaned, and then impurities and a 
natural oxide on the surface are removed. Then the 
semiconductor substrate is submerged in a heated 
oxidizing chemical liquid such as concentrated nitric acid 
for a prescribed period to form a very thin oxide film, 
with prescribed thickness on the surface of the 
substrate. Then it is thermally processed in an inert gas 
such as nitrogen to reform the oxide film for less leak 
current density. On the oxide film, a conductive layer for 
a gate electrode and the like is formed. 
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Japanese Unexamined Patent Publication 
No. 2002-64093 (Tokukai 2002-64093) 

The following is a partial English translation of exemplary 
portions of non-English language information that may be 
relevant to the issue of patentability of the claims of the 
present application. 

(57) [Abstract] 

[Problems] A method of forming an oxide film should be 
provide which is capable of forming a uniform, ultrathin, 
high quality oxide film with low leak current density on a 
semiconductor surface with high film thick controllability. 
[Means to Solve Problems] The surface of a semiconductor 
(e.g., silicon) substrate is washed. Impurities and naturally 
formed oxide film on the surface are then removed. Next, 
the semiconductor substrate is immersed in hot 
concentrated nitric acid or another oxidative liquid agent 
for a predetermined period to form an ultrathin oxide film 
with a predetermined thickness on the surface of the 
substrate. Thereafter, the substrate is subjected to a 
thermal process in nitrogen or another inactive gas to 
modify the oxide film so that the film can have low leak 
current density. On the oxide film is there formed a 
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conduction layer from which, for example, gate electrodes 
will be made. 

[0016] Figure 1(c) shows a step of chemically oxidizing a 
silicon surface using an oxidative liquid agent. After 
rinsing (washing) a wafer in pure water for 5 min., the 
wafer was immersed in 1 13@degreesC@ concentrated nitric 
acid for 10 min to form a 1.3-nm thick silicon dioxide film 
(chemical oxide film) 6 on the silicon substrate. The nitric 
acid used was a reagent, special degree (69-70%) available 
from Wako Pure Chemical. Methods of forming a chemical 
oxide film on a silicon surface, other than immersing in hot 
concentrated nitric acid as in this example, include 
immersing in ozone water in which ozone is dissolved in a 
few tens of ppm, immersing in a hydrogen peroxide solution, 
immersing in a mix solution of hydrochloric acid and a 
hydrogen peroxide solution, immersing in a mix solution of 
sulfuric acid and a hydrogen peroxide solution, immersing 
in a mix solution of ammonia and a hydrogen peroxide 
solution, immersing in perchloric acid, and immersing in 
boiling water. In the present example, hot concentrated 
nitric acid was used to form a high quality, clean chemical 
oxide film which contains no heavy metal, etc. 
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